CHAPTER 1. GENERAL INTRODUCTION TO BACTERIAL

ANTENNA COMPLEXES
Thesis Organization
This thesis contains the candidate's original work on excitonic structure and energy transfer dynamics of two bacterial antenna complexes as studied using spectral hole-burning spectroscopy. The general introduction is divided into two chapters (1. and 2.). Chapter 1 provides background material on photosynthesis and bacterial antenna complexes with emphasis on the two bacterial antenna systems related to the thesis research. Chapter 2 reviews the underlying principles and mechanism of persistent nonphotochemical hole-burning (NPHB) spectroscopy. Relevant energy transfer theories are also discussed. Chapters 3 and 4 are papers by the candidate that have been published. Chapter 3 describes the application of NPHB spectroscopy to the Fenna-Matthews-Olson (FMO) complex from the green sulfur bacterium Prosthecochloris aestuarii; emphasis is on determination of the low energy vibrational structure that is important for understanding the energy transfer process associated within three lowest energy Q y -states of the complex. The results are compared with those obtained earlier on the FMO complex from Chlorobium tepidum. In Chapter 4, the energy transfer dynamics of the B800 molecules of intact LH2 and B800-deficient LH2 complexes of the purple bacterium Rhodopseudomonas acidophila are compared. New insights on the additional decay channel of the B800 ring of bacteriochlorophyll a (BChl a) molecules are provided. General conclusions are given in Chapter 5. A version of the hole spectrum simulation program written by the candidate for the FMO complex study (Chapter 3) is
CHAPTER 2. GENERAL INTRODUCTION TO NONPHOTOCHEMICAL HOLE-BURNING SPECTROSCOPY
General Introduction to Hole-burning Spectroscopy
Fundamental mechanisms and applications of hole-burning spectroscopy and theories related to hole spectra are covered in this chapter. These theories are the foundation for simulations of hole spectra for the FMO complex study (Chapter 3). In addition, molecular exciton theory is briefly described to provide background on the exciton level structure calculations reported in the study of the LH2 complex (Chapter 4).
The optical absorption bands of chromophores in amorphous solid hosts such as glasses and polymers exhibit large inhomogeneous broadening. This is also the case for Chls in proteins. Such broadening is the result of a chromophore experiencing different environments, i.e. interactions between the chromophore and the host molecules gives rise to a distribution of transition frequencies [1] . A schematic illustration of this is depicted in the Figure 2.1. Typical inhomogeneous broadening of electronic absorption bands are Γ inh ~100-300 cm -1 [2]. On the other hand, each particular chromophore carries a finite width, which is called homogeneous width (γ) and is determined by the total dephasing time (T 2 ) associated with the optical transition of the chromophore in its environment. The linewidth of the homogeneous broadening is given by
where T 2 , the total dephasing time, is defined [3] by The possibility that some of these holes are due to correlated downward energy transfer from the two higher energy states that contribute to the 825 nm band could be rejected.
Thus, the FMO complex is yet another example of a photosynthetic complex for which structural heterogeneity results in distributions for the values of the energy gaps between is that of the same sample after storage in the dark at 0°C for one week. The lowest energy absorption band at 825 nm of FMO complex from P. aestuarii, which consists of three states, was burned nonphotochemically and its low energy satellite holes were analyzed to determine the excitation energy transfer (EET) kinetics for the contribution of two higher energy states to the 825 nm band. The satellite holes at 36, 48, 72, 120 and 165 cm -1 were concluded, based on simulations, to be pseudo-phonon sideband holes (PSBH) and these phonons were considered due to BChl a intramolecular modes. In addition, the temperature dependencies of zero-phonon hole (ZPH) widths burned in the 825 nm band at λ B = 822.6, 824.6 and 826.6 nm showed similarity to those of Cb. tepidum and these three wavelengths were close to the absorption maxima of the three states. Additional energy transfer calculations that account the effects of energy disorder into the electron-phonon coupling parameters were suggested for future study.
NPHB on LH2 complexes of Rps. acidophila (strain 10050) that contain only one B800 BChl a molecule, in contrast with intact LH2, were performed to determine an additional B800 decay channel. ZPH action spectrum of the lowest exciton level (A symmetry) and the temperature dependency of the B850 absorption band found a deficiency of B800 molecules does not affect on the excitonic structure of the B850 ring. and 72 cm -1 and S{1..5}=0.24, 0.05, 0.12, 0.04 and 0.12, with bandwidths of 10, 5, 10, 5 and 7.5 cm -1 , respectively, as given in Chapter 3. Γ inh = 50 cm -1 was used to generate the absorption spectrum. acidophila (strain 10050), which is the repeating unit of the 9-fold symmetry complex. The front tube represents the α-apoprotein, where as the back ribbon is the β-apoprotein. This figure is a view from the C 9 cylinder center. The BChl a molecule that is perpendicular to the C 9 axis is the B800 molecule. Two strongly coupled B850 molecules are located between the α-and β-polypeptides. The α-B850 molecule is in the right Nuclear potential curves V I and V F correspond to donor and acceptor states, respectively. Note that the reorganization energy, Λ, is required to 
